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INTRODUCTION 



A problem of continuing concern in the teaching profession 
is that of adjusting instruction to meet the individual needs of 
each pupil. Humanistic education, child-centered curriculum, and 
individualized instruction are all terms of high significance and 
utility today. These terms suggest a trend to make education in- 
dividually unique. Yet this idea is not a nevj one to the history 
of education. It has long been a reality that pupils differ from 
one another in terms of abilities and interests, but few schools 
have accepted the responsibility for meeting these individual 
differences. Part of the reason that underlies this misfortune 
is that for all practical purposes, the most efficient way of 
dealing with the education of a large number of children (which 
most certainly was the case with the initiation of compulsory 
education) has been to meet the needs of the group rather than 
the needs of the individual. Educators have come to realize, 
however, that mass group instruction does not necessarily meet 
the needs of pupils with exceptionally high ability, or the needs 
of the very slow learner. These humanitarians are challenging 
the morality of an educational system which does not, in practice, 
strive for the fullest development of each individual. 

In addition to organizational techniques of grouping for in- 
struction, some educators are also questioning the relevancy of 
certain content material in the subject areas. Their concepts 
of what can and should be taught to children are changing radical- 
ly (Frost & Rowland, p.33^)» 
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Elementary school mathematics has gone through several such 
changes which have influenced textbook writers and others respon- 
sible for the mathematics curriculum. The usefulness and grade 
placement of certain topics in elementary school arithmetic has 
been questioned by educators as the concern for the child as an 

individual, antf as a learner, has increased. As a result of re- 

search done by psychologists such as Piaget, and the experience 
of teachers in classrooms, the introduction of certain topics has 
been adjusted to develop better learning situations. Likewise, 
topics in arithmetic believed to have a low utility value in 

daily life, have been omitted and an effort has been made to iden- 

tify the learning rates of students that correspond with their 
abilities (Kramer, p.4). 

Research in educational psychology has also suggested the 
need for reform in teaching procedures. As a reaction against 
a method based largely on repetition, some mathematics programs 
experimented with incidental teaching, where the child's need was 
the chief reason for learning. It was soon concluded, hov/ever, 
that mathematics could not be learned v/ell by either drill or 
the incidental approach alone, nor even by the two combined 
(Kramer, p.5). It was suggested that if mathematics is to provide 
a system for searching out patterns which can be used to arrive 
at solutions to problems, it must include a powerful method which 
rests on abstractions and generalizations of a higher order than 
that of rote memorization of simple arithmetic algorithms. For 
this reason, modern mathematics programs have come to stress 
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"the heart of mathematics - its structure and. meaning" (Kramer, 
p. 5) - which has been neglected, by both an approach based on 
repetition and one based on incidental learning. 

For the past twenty years, much has been done to emphasize 
meaningful teaching with a greater emphasis on the "whys" of the 
processes as related to computational procedures. During this 
period, elementary school mathematics textbooks have reflected 
this trend. "As one examines current mathematics textbooks, 
teacher's manuals, and materials from some of the new curricula, 
one word clearly stands out - 'discovery'" (Kramer, p.8l). The 
word itself, however, has different connotations in different 
programs, depending on the educational theory of which it is 
illustrative. A controversy seems to arize with the question of 
how much and what kind of guidance ought to be provided to the 
pupils in a learning situation. Followers of Jerome Bruner, for 
example, will advocate minimal teacher guidance and maximal stu- 
dent opportunity for trial and error, whereas, followers of 
Robert Gagn6 support a more guided learning position which em- 
phasizes the importance of careful sequencing of instructional 
experiences (Kramer, p.81). 

These new insights gained from humanitarian educators, 
psychologists, and mathematicians have suggested that educators 
reexamine their goals of mathematical instruction. With the 
awareness of the need for new trends in educational development, 
one can begin to comprehend the significance of new educational 
designs. If there were one thing that today's educators are in 
unanimous agreement on, it would be that education must provide 
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for individual differences and that personal needs must be con- 
sidered along with social ones. This fact suggests that organ- 
izational change is necessary. Akin to organizational change 
is curricular change, bringing about a diversification o'!' ed- 
ucational patterns. 

The teacher, as an educator, is confronted with the question 
of identifying her role in the work of initiating and developing 
such changes. The teacher, unlike other types of educators, re- 
alizes her unique position in having the opportunity of implement- 
ing, herself, any changes that she develops. Her approach to 
meeting the challenge of educational reform is characteristically 
more pragmatic in nature than those educators whose purpose is 
to develop educational theories for others to utilize. Although 
her training and experiences may be limited, the teacher recog- 
nizes that she is perhaps better equipped to take the "ideal" 
program and adjust it to the practical situation of the class- 
room. Of course any deviation from the "ideal" will fall short 
of the educator's expectations. Thus the continuum of education- 
al reform is maintained. It is not the purpose of this paper to 
present an "ideal" arithmetic program. The purpose of this paper 
is to attempt to illustrate how one teacher can use a knowledge 
of the foundations of a subject (mathematics), insights from 
psychological and educational research, and her own educational 
philosophy to bring about a new workable pattern of instruction 
that can be used under prevailing methods of school organization, 
and with instructional materials that are readily available. 
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CONSIDERATIONS IN PLANNING A MATHEMATICS CURRICULUM 



In constructing a pattern of mathematics instruction, the 
teacher's first major objective is to clearly identify seme major 
aims and purposes for development. This identification is usually 
aided by curriculum materials and specified school curriculum 
guides utilized by the particular school district. However, the 
goals defined in these sources are characteristically broad in 
scope. Although this factor conveniently provides for flexibil- 
ity, it also necessitates the construction of goals that are more 
'well defined so as to be of use in any operational sense. 

In defining the major goals of a program, the teacher is 
confronted v/ith the fundamental question of "Why teach mathema- 
tics?" Educators such as Guy Wilson and Leo Breuckner have an- 
swered this question by stressing the need for social usefulness. 
Wilson, in fact, sees the need for teaching mathematics as iden- 
tified with "its use as a simple tool in business" (DeVault, p.7). 
Other educators, however, are not in complete agreement. Edward 
G. Begle, director of the School Mathematics Study Group (S.M.S.G.), 
does not see the purpose of mathematics instruction as an effort 
to build up mathematics just for its applications. He views the 
use of mathematics in our society as a grov/ing endeavor, v/ith 
yet unknov/n possibilities. In developing the S.M.3.G. program, 
Begle and his associates made careful consideration of this fact 
in setting down their goals. 

We felt it likely that a considerable number of 
our students would have to learn within their 
lifetimes some new mathematics not yet in existence 
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when they were in school, and we felt that hav- 
ing a good understanding of mathematics would 
make the learning easier than would the mere 
possession of technical skills (Eisner, p.?l). 

Most educators then, are in agreement that mathematics instruc- 
tion is esnential for meeting future needs; they differ, how- 
ever, in their evaluation of what these needs are. The teacher 
will be able to define the major goals of instruction only after 
these needs are determined. 

The degree to which one views the need for mathematics in- 
struction in light of social usefulness, and/or as a tool for 
developing educated individuals who possess the capabilities of 
extending existing knowledge to new areas of growth, will in 
turn affect the selection of content material. Some programs 
(Minnesota School Mathematics and Science Project (Minnemast) in 
particular) have correlated the study of mathematics with science 
in an attempt to capitalize on the "practical aspects of math" 
(Suydam & Riedesel, p.146). Others (Madison Project in particu- 
lar) have made use of a math lab approach which seeks an effec- 
tive way of presenting mathematics as a matter of discovery. 

But regardless of what basic approach is utilized, most innova- 
tors of current curricula reform are consistent in the desire to 
expand and modify the scope and sequence of traditional programs. 
Robert Davis, director of the Madison Project, believes that 
"young children can learn far more than the * tradition 1 ' school 
program attempts to teach them" (Kramer, p.225). 

Yet Piaget has suggested, that a child's learning of mathe- 
matics occurs at several levels which are clearly defined. The 
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question of what content is appropriate to effective learning is 

clearly implied in his research findings. With the acceleration 

of the introduction of certain topics into the curricula, many 

of the nev; mathematics programs have been the target of severe 

criticism. David Rappaport is among those who are criticizing 

the schools for trying to present "too muc!; too soon". He writes, 

It is my contention that this nev; emphasis lias 
introduced concepts and practices in violation 
of sound principles of learning theory. ••• 

I believe that the introduction of highly so- 
phisticated mathematical concepts in the early 
elementary grades will take the child av/ay from 
the meaningful understanding of basic arithmetic 
concepts needed in his everyday, practical ex- 
periences and also in his preparation for further 
learning in other areas (Vigilante, pp.417, 420). 

Although the implications of Piaget's theories for mathema- 
tics education are far from being realized, a fundamental ques- 
tion that arizes is whether or not it is possible to accelerate 
the course of development of the child through the various stages. 
It has been a common viewpoint among many of the new mathematics 
programs that this acceleration can be attained. 

Although children think and reason in different 
ways, they all pass through certain stages de- 
pending on their chronological and mental ages 
and their experiences. We can accelerate their 
learning by providing suitable experiences, par- 
ticularly if we introduce the appropriate lang- 
uage simultaneously (Schools Council for the Cur- 
riculum and Examinations, p.9). 

In 1966, Muller-Willis investigated the possibility of ac- 
celerating children's development while using some of Piaget's 
original experiments. His findings showed that "children who 
had studied the Minnemast materials were significantly better- 
than the control group of kindergarteners who had studied in 
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conventional programs" (Kramer, p.79)» Another study by Nathan 
Gottfried in the following year, showed that "over twice as raany 
children in Minnemust, as compared with conventional programs 
had attained these various conservation concepts Las defined in 
Piaget's stages of intellectual development!) by the end of kin- 
dergarten" (Kramer, p.79)* 

Other research reports, however, will contradict these find- 
ings and support the theory that acceleration cannot be attained 
through instruction. Perhaps such factors as the amount of time 
spent on instruction, the social interaction with other children 
(absent from Piaget's research where children were questioned in- 
dividually in a laboratory setting), and cultural milieu may be 
significant factors causing opposite research results (Kramer, 
pp. 79-80). 

Regardless of what viewpoint is taken, however, researchers 
have convinced educators that knowledge concerning the psychology 
of learning is an important aspect to consider in planning a cur- 
riculum. But even if success is attained in presenting new mater- 
ial at an earlier level, the fundamental question must still be 
raised, "Does the fact that content can be taught solve the prob- 
lem as to ’whether it should be taught?" (Deans, p.98). 

The teacher in selecting the math content for the curriculum 
must consider what can be taught at that level, and then narrow 
the selection by judging what should be taught. Several factors 
should be considered: 

1) Present and future mathematical needs of chil- 
dren. 

2) The value of the content from the standpoint 
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of interest and motivation. 

3) The extent to which ic improves the acquisi- 
tion of knowledge and skills which are deemed 
essential in the regular program<> 

4) Whether it offers methods and content of prom- 
ise in promoting reasoning, thinking, and con- 
cept development (Deans, p. 98 ). 

Examples of new content, and the expansion of several topics 

already recognized as essential parts of a traditional program are 

prime numbers, composite numbers, factors, ex- 
ponents, different numeration systems, proper- 
ties of numbers, additional terms and symbols, 
algebraic equations, inequalities, mathematical 
sentences and frames, number patterns, the number 
line, logic, simple probability, sets, graphing, 
geometry, and modular arithmetic (Kramer, p. 169 ). 

This wide selection of new topics enables the teacher to provide 
an enriching and diversified program, one v/hich provides "chil- 
dren of different abilities with content appropriate to their 
intellectual level" (Deans, p.99)» 

Once the scope of the program is realized, the teacher is 
faced with determining the sequence that the instruction v/ill 
follow. In order to do this effectively, some consideration 
must be made to the relationship that exists between the psychol- 
ogy of learning and methods for instruction. 

The learning by discovery approach advocated by Jerome 
Bruner suggests a type of instructional tec'.'.ni ;ue which allov/s 
for much pupil-oriented activities. Bruner describes the child 
as moving throu.gh three levels of understanding during this pro- 
cess of discovery. The first level is identified with the child's 
manipulation of materials. The second level involves bringing 
the child to the level of understanding where he is thinking of 
objects but not manipulating them directly, and finally the 
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child moves to the symbolic level where he is manipulating sym- 
bols and not mental images of objects* 3ut discovery is not 
acquiring entirely new information, because "discovery, for 
Bruner, is a reorganization of something the- discoverer already 
had" (Kramer, p.84-). 

Whereas Bruner describes learning as a somewhat intuitive 
process, Robert Gagne views learning as a transfer of training. 
For Gagne, in an instructional program, the child is carefully 
guided. Gagne follows a task analysis approach. His model of 
learning involves a "complex pyramid of prerequisites to pre- 
requisites to prerequisites to the objective which is the desired 
capability" (Kramer, p.85). 

These two contrasting theories have significant implications 
as to how a program of instruction is sequenced. The sequences 
of the curriculum growing from these two positions would be quite 
different. A curriculum based on Bruner's work would, for exam- 
ple, begin with problem-solving and work its way down to the low- 
er levels which involve such things as principles, concepts, and 
the facts. A curriculum based on Gagne's ideas, would work just 
the opposite. The sequence would begin with the lower levels, 
with instructi n centering on the "prerequisites" and gradually 
move upward to the more complex tasks. "For Gagne, the sequence 
is from the simple to the complex; for Bruner, one starts v/ith 
the complex and hopes to learn the simple components in the con- 
text of working with the complex" (Kramer, p.91). 

Many new programs are experimenting with instructional de- 
signs which favor one of these two theories. Programs such as 
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she Mathematics Pi’Oject of Sherbrooke, the Madison Project, and 
Kir.nemast, which stress discovery learning approaches and use 
math lab materials or other manipulative devices can be associ- 



ated :vith Bruner's viewpoints. Programs such as the Cambridge 
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The teacher, therefore, must first identify her learning 
theories before she car. adopt an instructional style. She is 
then free tc sequence her method of instruction within the struc- 
ture of the system of mathematics itself. 

Most certainly, mathematical structure must play 
a central role in curriculum reform. Schools 
cannot teach contemporary mathematics unless 
the curriculum reflects the things that contem- 
porary ma th cma t i cans are interested in. How- 
ever, once having decided upon the mathematical 
structure that seems the most appropriate for 
the schools, there remains the very difficult 
problem of structuring the sequence of ideas 
from grades K through 12 so as to make the math- 
ematical structure easily understood (Vigilante, p.?8). 

Mathematics is a highly structured discipline following a 
highly logical order. "The conceptual structure of a body of 
knowledge is nowhere better defined than in mathematics" (Frost i 
Rowland, p.252). The correct sequencing of skills is therefore 
highly dependent on the teacher's knowledge of the structure of 
mathematics. However, this logical sequencing of skills, defined 
by the structure of the discipline, does cot always follow the 
most sound psychological principles governing learning. For 
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example, using the structure cf the mathematical system, a math- 
ematics curriculum could be sequenced so that the learning of 
the multiplication tables would begin with 1x0 and progress tc 
12 x 12. However, taking into account psychological research on 
memory and learning, educators have suggested the sequencing cf 
learning the basic multiplication facts in families as this pro- 
vides for easier memorizing and greater understanding. 

The sequencing cf skills, therefore- is far from a simple 
task. The teacher, in preparing a mathematics curriculim, must 
consider the logical structure of mathematics and combine this 
knowledge with what is known through research in educational 
psychology. 

Once the scope and sequence are determined, an organizational 
plan for instruction must be adopted. Emphasis has already been 
given to the importance of exploring mathematical content in 
light of its appropriateness for different levels of ability. 

The need for providing for individual differences should also be 
a primary consideration in selecting a pattern of organization. 
Usually classroom organization is governed by school organization. 
Non. graded programs with team-teaching situations provide different 
work structures, for example, than do departmentalized graded 
programs. Yet, the fundamental problem of how to further sub- 
group pupils in the classroom exists under any program that falls 
short of complete individualization. "Even when the organiza- 
tional pattern cf the school facilitates the teacher's task, 
teachers still find that some grouping within the class is 
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necessary" (Deans, p.14-). 

Differentiating the mathematics program to operate under 
prevailing methods of school organization, and with instructi onal 
materials that are readily available usually follows one of two 
types: a program of varied pace, or a program of varied difficulty 
(Vigilante, p.83). In a program of varied pace, the course 
work is sequential and aproximately the same content material is 
covered by each pupil. The rate of learning, however, is differ- 
ent for each child. Bright pupils advance through the program 
moi’e quickly than do pupils of lesser ability. Homogeneous forms 
of grouping are of J_ en initiated for this type of program, al- 
though heterogeneous classes often use a subgrouping that involves 
an accelerated groups, a conventionally paced group, and a slow 
moving group. Individualized Programmed Instruction and forms 
of "contract learning" are also 'used to provide for individual 
differences by varying the pace cf instruction. 

The School Mathematics Study Group is one of the more 
widely known programs that foster such a system of organization. 

E. G. Begle, director of the program, believes that "adjusting 
the speed to the students in a capacity" (Suydam 1 Riedesel, p.7o) 
is a good way of handling individual differences. Although it 
is stressed that S.M.S.G. does not advocate any one instructional 
approach, the use of their programmed materials would probably 
work best in a situation where pupils were permitted to work at 
their own rate. 

In a program of varied difficulty or depth, a variety of 
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approaches to the learning of a. topic is presented. Holland 
Smith describes this concept as "levels of learning" which 
"recognizes the fact that children of various degrees of ability 
or maturity can learn to do the same thing on several different 
levels from the simple concrete to the- more complex abstract" 
(Vigilante, p. 90 ). Under this form of organization, the whole 
class moves from topic to topic together, with abler students 
advancing to extension or enrichment topics while less able 
students continue to use manipulative devices to grasp the under- 
standing of the concept. Grouping under this organizational plan 
is more flexible with groupings changing from topic to topic. 

"The sequence of topics must be carefully planned and adequate 
practice must be provided. Of greatest importance, the materials 
used should offer a variety of challenges" (Vigilante, p.90). 

One such program that utilizes an organizational technique 
which varies the difficulty of instruction is A Systems Approach 
to Improving Mathematics Instruction (SAM), an experimental pro- 
gram for fourth grade pupils, originating in the Pittsburgh area. 
"Through a systematic yet flexible procedure, the teacher pro- 
ceeds from performance level to performance level with the entire 
class at a pace he believes in keeping with the ability, interest, 
and achievement of his pupils" (SAM Manual, p.3)» 

The teacher in selecting a pattern of organization, must 
consider the over-all organizational plan of the school. Con- 
sidering the time and materials available to her, she can then 
choose a plan of operation that will best facilitate the grouping 
of students to meet individual differences. 




15 



9 



15 

In setting up a mathematics curriculum, then, the teacher 
must be aware of many considerations. She must set down long- 
range objectives based on the educational philosophy of the school 
district, which is hopefully her own. She must have the necessary 
discretion to determine what topics can and should be taught. 

She must then use what is known about the structure of the math- 
ematical system, as well as educational psychology to sequence 
these topics for instruction. The teacher can then plan a prac- 
tical organizational pattern that vail operate well under pre- 
vailing school organizational plans and with the materials that 
are readily available. 
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AN 



INDI/IDUAL APPROACH TO PLANNING a PLvTHEi'U i'ICo 



CURAIGULUH 



Ha ,j or Objectives 

In selecting the primary objectives for a fifth grade 
mathematics curriculum, I carefully considered the purposes for 
teaching mathematics in light of identifying the needs of the 
students. Although I recognize the significance of Wilson's 
claim that the arithmetic program should provide nurposful in- 
struction, useful in daily life, I question his interpretation 
of "useiful" and doubt the value of attempting to limit the aims 
and purposes for teaching arithmetic to one major goal. I ag- 
ree with Begle's foresight concerning the future use of mathe- 
matics and strongly recognize the need to provide a program 
which will attempt to equip the student with the capability of 
extending his knowledge to new areas of growth. In attempting 
to speculate on the present and future needs of students, how- 
ever, it is er ential to realize that these needs will vary 
according to the individuality of each child. Educators can 
very easily limit a child's mathematical potential by choosing 
one set of goals aimed for the "average" student. Determining 
the mathematical needs of most students can be justifiable for 
the majority, but the question of how well the program will 
meet the needs of the exceptional student must also be raised. 
This is not to say, however, that the entire mathematics pro- 
gram should be geared for the future scientists and pure math- 
ematicians. Selecting goals founded on the needs of a minority 
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is perhaps less desirable. The elementary school arithmetic 
program must include learning activities involving the four 
basic processes and also provide other interesting phases of 
mathematics that will help prepare those students who are in- 
terested and able, to continue in new mathematical emphases at 
later educational levels (Frost & Howland, p.337) • One major 
criterion I adopted, therefore, was that the set of major goals 
used in developing a mathematics program should include pro- 
vision for meeting individual needs and capabilities. 

Edwina Deans seems to meet this criterion as well as main- 
tain the desire for a well balanced approach to the inclusion 
of socially useful arithmetic and pure mathematics, ■dhe has 
listed the following goals as characteristic of what is being 
reflected in current mathematics curricula. 

1. To develop concepts of quantity and of quan- 
titative relationships; to develop the child's 
ability to think in quantitative situations. 

2. To develop as high a level of skill in com- 
putation as is realistic in consideration 
of each child's potential. 

3. To recognize those situations in daily living 
requiring mathematical solutions and the ap- 
propriate techniques for solving them. 

4. To develop an understanding of our numeration 
system and to recognize the value of base 

10 Ctenj in concept development as children 
work with processes. 

5. To help each child understand the structure 
of mathematics, its laws and principles, 

its sequence and order, and the way in which 
mathematics as a system expands to meet new 
needs . 

6. To help each child prepare for the next steps 
in mathematical learning which are appropriate 
for him in terms of his potential and his 
future educational requirements (Deans, p.4). 

These goals do not forsake the former objectives of traditional 

programs, but broaden them to include new perspectives . I 
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have selected this set of major objectives as my major goals 
in writing a fifth grade curriculum. 

Selecting Content 

In selecting the mathematical content for a fifth grade 
class, I carefully surveyed various textbooks and published 
materials from recent mathematics projects to determine the 
scope of work usually presented during the fifth year of in- 
struction. For f:he most part, inclusion of the content in these 
sources has been justified through success in experimental sit- 
uations. In selecting appropriate content, however, it is im- 
portant for the teacher to be aware of the past instruction of 
her class and to be somewhat cognizant of the range of ability 
levels of her students. For this reason, I paid considerable 
attention to the presentation of material from the textbook 
series in use at my school. On the basis of past experience, 

I carefully included topics usually found difficult by the ma- 
jority of fourth graders and avoided topics usually presented in 
the sixth grade. 

If individual needs and abilities are to be considered, 
some differentiation of subject matter must be made. Surveying 
the topics I felt could and should be presented (based on the 
factors for consideration listed by Deans), I selected those 
topics which I felt were important for the majority of students 
to acquire, and listed them under "Basic Levels". The majority 
of these topics concerned the use of the four basic arithmetic 
operations with whole numbers and fractions 
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The remaining 



topics were considered for enrichment work, presented to those 
students who -would acquire the knowledge of the material covered 
in the basic levels at a faster pace than those students who 
did not. Therefore, the extent of content presented to each 
child would be individually determined by the child's perfor- 
mance. The majority of these topics included areas of mathema- 
tics other than arithmetic, which might foster reasoning and 
thinking skills, and an interest in the future study of mathe- 
matics as a discipline. 

Seq uencing Content 

In determining a sequence for instruction, I carefully con- 
sidered a possible logical oruer of skills which would adhere 
to the structure of mathematics and foster psychological prin- 
ciples of learning. In presenting mathematics as a structured 
system, I planned for most topics to be developed and pursued 
until a certain level of understanding is achieved. Every pos- 
sible effort, however, was made to provide activities that 
would relieve the intensity of certain long sections. For ex- 
ample, units of geometry and measurement are interjected between 
levels involving arithmetic ooerations. Although the organiza- 
tional pattern of my curriculum, which is explained, in a later 
section, necessitated a non-sequential order of enrichment topic 
topics for enrichment were selected to help enhance a variety 
of learning situations and create interest in new areas of math- 
ematical reasoning. 

The instructional approach I adopted adheres more to Gagne' 



20 



model of learning then to that of Bruner's. It bus been pointed 
out that " teachers who ha^e tried out the new materials are 
finding that de-gloping concepts and helping children build 
a mathematics structure require continuous guidance" (Deans, p.12). 
Based on this viewpoint that formal guidance is necessary, I 
selected a sequence that advocates an instructional program of 
guided learning, rather than one of intutitive discovery. In- 
struction was planned to begin with the simpler ideas and ad- 
vance to the more abstract concepts. I therefore made consid- 
eration of prerequisite skills needed for the development of 
topics. The use of behavioral objectives facilitated the or- 
ganization of the subject matter in a hierarchical form. 

Organizing Instruction 

In selecting the major objectives for writing the curricu- 
lum, I adopted an educational philosophy that placed high pri- 
ority on providing for individual differences. The need for 
a program to provide some social interaction among children, 
however, should also be realized. Therefore, in planning a 
pattern of organization, I sought a way of grouping students 
that would develop individual capabilities and yet provide an 
opportunity for pupils to work together. 

In order to insure a flexible method of grouping, I avoided 
an organizational plan which grouped children heterogeneously 
on the basis of ability. A program which varied the amount of 
content and degree of difficulty by providing a variety of 
approaches to the learning of a topic was preferred. The 
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systems approach to mathematics instruction developed by the 
SAM experimental project offered a pattern for instruction that 
could be adapted to normal classroom use, provided the teacher 
is willing to try her hand at writing some self-instructional 
materials each week for a group of her students. Instruction 
in the SAM program follows a guided learning approach, using 
a method of grouping based on the individual's mastery of the 
objectives for each basic level of instruction. 

Although instruction of a level may require anywhere from 
two to seven days, depending on the class's needs, most levels 
require five periods of instruction. The five period cycle 
follows this general procedure. On the first day, the whole 
class is presented with the new concepts (usually two behavioral 
objectives) to be achieved by all or most students. A short 
film present tion is used for motivational purposes followed by 
the teacher's presentation. During the second period, a per- 
formance sheet, to be used for grouping procedure.-, is adminis- 
tered to all pupils. The performance sheet breaks the learning 
tasks into the two behavioral objectives and makes possible the 
separation of pupils into groups according to their achievement 
per behavioral objective. The remaining time of the second per- 
iod is used to review the work used for "maintenance" activities 
for the week. The use of maintenance activities is to insure 
competence in past levels and provide opportunities ♦’or re- 
teaching of past concepts when necessary. 

Prior to the third period, the teacher uses the results 
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from the performance sheecs to separate into groups those 
children who did not meet too goals for Objective ttl and 
Objective #2 (Group 1); those pupils who accompli she a the goal 
for Objective tt 1 but did not meet the goal for Objective ft?. 
(Group 2); and those pupils who mastered both objectives 
(Group 3). During the third period, the pupils are given dif- 
ferentiated instruction according to their needs as exhibited 
on their performance sheet. While Group 3 works independently 
on maintenance and reinforcement work, the teacher is free to 
re teach Groups 1 and 2. While Group 2 works on maintenance 
activities, the teacher re-instructs Group 1. This instruction 
is followed by practice work on that specific objective (1) 
which enables the teacher to use the remaining time of period 3 
in reteaching the concept presented in Objective ft? to Group 2. 
During period 4, Group 3 proceeds on their own, using self- 
instructional enrichment/extension work. Group 2 begins work 
on basic practice worksheets for Objective tt? while the teacher 
spot-checks Group 1 ' s work and proceeds to reteach the concept 
of Objective ft 2 to Group 1. Group 1 uses the rest of the period 
to work on the basic worksheets of Objective ft 2 while the teach- 
er is free to spot-check the work being done by Groups 2 and 3 
and provide individual help where needed. During the fifth 
period, each group should be completing its appropriate work 
and time is given for the administration of a second performance- 
sheet to Groups 1 and 2 to determine if mastery of the objec- 
tives was accomplished. The self-instruction -.1 materials also 
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provide an evaluation sheet for Group 3» The scores from the 
second performance sheet will indicate whether it is necessary 
to spend on additional day or two or. the level and also indi- 
cate which pupils will need review and reteaching which can be 
acc on dished at later levels during the times the "oar.-er is 
free to help individuals. 

Variety is added to the system's instructional procedures 
when at certain levels, the teacher instructs Group 3 students 
on the third through fifth day and self-instructional work is 
give 1 ' to those students who have not met the behavioral objec- 
tives. This procedure occurs with basic levels which fall out- 
side the realm of the basic arithmetic operations. These level 
often constitute a repeat of <- previous er r ichment/extens ion 
topic, and the self-instructional work that was used p cr the en 
r i chment group (Group 3) at the former level, is now given to 
those students who failed to meet the objectives. 

Although the operation of this systems approach to instruc 
hi or is dependent on the use of the SAG published materials, a 
teacher can utilize this organizational structure by adapting 
what materials are readily available in the classroom and sup- 
plementing these with te.cker-m-.de activities. Appropriate 
textbook pages cm be assigned for maintenance and reinforce- 
ment work. When students record their work in -a notebook, 
checking off the assignments as they are completed will enable 
the students to work at their own pace. Several copies of 
teachers' editions should be available for pupil-checking, 
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since the completion of these activities will be accomplished 
at an individual rate. Performance sheets are easily written 
since they are iirectly taken from the behavioral objectives* 
Their use as a device for initial and terminal evaluation is 
also readily recognized. Their construction, therefore, is a 
worth -while endeavor for evaluation as well as grouping pro- 
cedures. Objective "1 and it 2 worksheets arc simple practice 
pa.^es 'which provide similar problems to those found on the 
perform once sheets and are usually also easily -written. 

The construction of self-instructional materials is def- 
inite!” a challenge to a teacher. However, using the various 
resources, such an other .math texts aid. professional teacher 
magazines, which are available in most schools or professional 
libraries, facilitates this task. Writing self-instructional 
materials not only provides enriching learning experience for 
the pupils, but also provides the teacher with the opportunity 
to enhance her knowledge of other areas of m thematic s . Se- 
quencing the content for a self-instructional mode of learning 
necessitate:’ the teacher's thorough knowledge of the topic. In 
this sense, self'- improvement in the learning of mathematics 
co’ be accomplished by both pupils and teacher. Since instruc- 
tion of each level usually takes one week, the teacher can in- 
itially accomplish the task of providing self-instructional 
materials for each level by writing a set of materials each 
week. If this pace is maintained, the task becomes realistic. 

Although a certain organizational pattern is adopted, it 
should be flexible to change. The fact that the curriculum is 
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teacher-constructed should enable it to be easily modified 
to suit the individual class's needs when necessary* 
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ADDITION OF FRACTIONS II 



Behavioral Objectives 

1. Given an addition example involving two proper, unlike 
fractions, the pupil finds the least common denominator, 
converts the fractions to equivalent forms, and computes 
the sum giving the answer in simplest terms. 

2. Given an addition example involving three proper, unlike 
fractions, the pupil finds the least common denominator, 
converts the fraction to equivalent forms and computes 
the sum giving the answer in simplest terms. 

Procedures 



1. Period One (Whole Glass) 

a. Motivational Technique 

Materials Needed: 3 large containers of blue, red, 
and yellow colored water; measuring cups; 3 empty 
containers. 

Relate this tale: As I look around the class today, 

I notice an array of many colors. But do you know 
at one time, in a far-away kingdom, the things that 
men made consisted of only three colors? Everything 
was either red, ..blue, or yellow. Now the king of 
this land was very unhappy. He dreamed of fancy 
robes the colors of the morning sun, the tail-blow- 
ing grass, and the majestic mountains. So he called 
his wisest advisors together and offered them a 
special reward if they could find a way to make his 
dream come true. After many nights of work in his 
laboratory, Merlin, the king's magician, discovered 
these secret formulas. I'll write them on the 
board. (Write: 1/4 cup yellow + 1/3 cup red = A 
1/2 cup blue + 1/3 cup yellow = B 
2/3 cup blue + 3/^ cup red = C ) 

We're going to do these experiments now to test out 
Merlin's magic. (Have different children come up 
and take turns measuring out the liquids and mixing 
them together.) Now the king was very happy, and 
he wanted his tailors to get to work immediately. 

But to make the special dyes for his silk rcbes, 
the tailors needed 1 cup of dye. After our lesson 
today, we should be able to see if these measure- 
ments will give us enough dye to make the robes for 
the king. 

b. Draw a number line on the board, dividing the unit 
measurement into eighths. Ask for a volunteer to 
use the number line to show what 1/2 + 1/8 is equal 
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SAMPLE MATERIALS 



In order to further demonstrate the content and organi- 
zation of my curriculum, I have selected certain portions for 
exemplary inspection. I have included the "Curriculum Suggested 
Pace" for my fifth grade curriculum which lists the basic levels 
of instruction as well as the suggested enrichment topics for 
each level. The behavioral objectives for each basic level are 
also included. Teacher-constructed materials for tv/o levels, 
one level for which the teacher instructs the students who need 
additional time for mastery of the objectives and one level in 
which the teacher instructs the enrichment group, are provided 
for exemplification. In order to facilitate an understanding 
of the operational structure of the curriculum, I have also in- 
cluded the complete lesson plan for these two levels. 
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ADDITION OF FRACTIONS II 
2 

to. Continue with other examples, such as 1/4 + 
3/3 etc., until the majority of students are able 
to deduce that like fractions with common denom- 
inators are necessary to solving the sum. 

c. Review methods for finding a common denominator, 
ways to -write equivalent fractions, procedures for 
reducing fractions to lowest terms, and methods of 
simplifying improper fractions. 

d. Combine these skills in solving addition problems 
involving two or three proper, unlike fractions. 
V/rap up the lesson by having pupils use the values 
in "Merlin’s formulas" to determine if the sums 
will exceed 1 cup. It might be interesting to ask 
the students what the tailors might do with the 
two formulas which have sums that do not exceed. 

1 cup. 



2. Period Two (Whole Class) 

a. Administer performance sheet. 

b. Pupil scoring (optional) 

c. Teach review work to be used in maintenance activ- 
ities. (Suggested topics: reducing fractions to 
lowest terms, and writing equivalent fractions). 

d. Have pupils survey selected maintenance activities 
from textbooks. (Page 110 in Ginn Series and pages 
190-191 in Addison Wesley may be used for this week's 
maintenance work). 

Planning for Differentiated Instruction 

Prior to period three, separate pupils into groups 
according to their achievement per behavioral ob- 
jective. All pupils missing Objective #1 will con- 
stitute Group i. Group 2 will consist of all pu- 
pils who have missed the second objective, but not 
the first. Group 3 will consist of all pupils 
meeting both objectives. 

3. Period Three 

a. Assign pupils to appropriate groups. 

b. Groups 2 and 3 begin maintenance activities. 
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ADDITION OF FRACTIONS II 
3 

c. Teach Objective #1 to Group 1. It is suggested 
that time be given to reviewing and re teaching 
methods for finding a least common denominator 
and ways of writing a fraction in equivalent 
forms. Use number lines and pictures initially 
to insure understanding. After aproximately 15 
minutes of instruction, have pupils begin work 
on Objective #1 worksheets. 

d. Pupils in Group 3 work on reinforcement exercises. 
(Pages 188-189 in Ginn may be used), 

e. Teach Objective //2 to Group 2. It is suggested 
that the least common multiple method of finding 
the least common denominator is used. Provide 
students with individual help at the board for 
finding the sums of 3 proper, unlike fractions. 

Period Four 

* Behavioral Objectives for Enrichment Work 

1. Given a practical situation involving tossing 
a coin or rolling dice, the child can list all 
the possible combinations of a given outcome. 

2. Given a practical situation involving tossing 

a coin or rolling dice, the child can determine 
the probability of an event occurring and write 
it as a fractional numeral, 

a. Group 1 continues Objective #1 worksheets or main- 
tenance work. 

Group 2 begins work on Objective #2 worksheets. 
Group 3 - During the first five minutes, spot- 
check reinforcement work. Distribute self-instruc 
tional worksheets and provide brief introduction 
to this week's work on probability (May, pp. 62-63) 
Have pupils begin work. 

b. Spot-check Objective #1 worksheets with Group 1, 
Teach Objective #2 to Group 1. For teaching sug- 
gestions, see Period Three, e. Distribute Objec- 
tive #2 worksheets to Group 1 and have pupils be- 
gin work. 

c. Spot-check Objective #2 worksheets for Group 2. 
Explain reinforcement work (Ginn, pp.188-189). 

Have pupils begin work on these problems. 



CURRICULUM SUGGESTED PACE 



BASIC LEVELS 


ENRICHMENT TOPICS 


September 

* 1. Geometry I 

* 2. Basic Facts (+ and -) 

* 3. Place Value I 

* 4. Place Value II 

* 5. Addition 


Time Zones 
Magic Squares 

Other Number Systems - Roman, Greek 

Work in base IV 

Functions 


October 

6. Subtraction I 

7. Subtraction II 

8. Problem Solving I 
+ 9. Measurement I 

10. Basic Facts (x and +) 


Sets - V and a with Venn Diagrams 
Negative Numbers 

Multiple-step Problem Solving (+ and -) 
Addition and Subtraction of Inches & Feet 
Perimeters 


November 

1 1. Distributive Principle 
*12. Multiplication I 
*13. Zero Pattern 
*14. Multiplication II 

15. Estimation 

16. Multiplication III 


Arithmetic with Frames 
Problems in Fahrenheit Temperature 
Number Line Game (Add. /Wes. pp. 34-37) 
Exponential Notation 
Estimating Square Roots 

Checking: Multiplication by Casting; Out 9's 


December 

+17. Geometry /Measurement II 
*18. Division I 
19. Division II 
*20. Introduction to Fractions 


Constructions of Angles with Compasses 
Slide Rule 

Discovering Number Patterns (factors of 3i5) 
Constructing Fraction Games 


January 

21. Division III 

22. Division IV 

23. Problem Solving II 
*24. Factors & Multiples I 
*25. Factors & Multiples II 

26. Equivalent Fractions 


Geometry-"How Can I?" (Arith. T. Nov. '70) 
Finding Surface Areas of Rectangular Prisms 
Problems with Time, Rate, Distance 
Number Combination Game (Arith. T. Dec. '70) 
Fraction Bingo (Arith. T. Mr. ' 70 )- Discovery 
Euclidean Algorithm/Simplifying Fractions 

(Arith. T. Dec. '70) 


February 

*27. Improper Fractions 
28. Inequalities 
+29. Geometry/Measurement III 
*30. Addition of Fractions I 
31. Addition of Fractions II 


Finding Averages 
Cartesian Plane 

Informal Geom. with milk cartons (Arith. T. 
Clock Arithmetic Oct. ‘£6) 

Probability 


March 

32. Subtraction of Fractions ! 
33» Sub. of Fractions II 
34. Problem Solving IV 
*35. Place Value III 
* 36 . Multiplication of Frac . I 
37 • Multiplication of Frac. 13 


Temperature/Changing from C. to F. 

Fraction Magic Squares 
Charts anU Graphs 

Extending Decimals to Hundred Thousandths 
Mirror Lines - Symmetry 

Using Fractions in Measurement (Add. /Wes. 

pp. 220-21) 



* indicates those levels which will probably require less than one 
week to complete. 



+ indicates those levels for which the teacher works with the en- 
richment group, rather than faith those grouped for additional instruction. 
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4 



d. Spend remaining time spot-checking all groups, 
giving individual help as needed. 



Period Five 

a. Group 1 continues with Objective #2 worksheets and 
maintenance work» 

Group 2 continues with reinf orcement and maintenance 
work . 

Group 3 continues with self-instructional worksheets. 
Children in any of the groups who complete their 
work early are given the opportunity to play with 
one of the classroom math games. 

b. Spot-check Objective #2 worksheets with Group 1. 

Help individuals who are still having trouble. 
Incomplete maintenance assignments from past levels 
can be done when enough practice has been given on 
the present level’s work. 

c. Provide individual help to pupils in Groups 2 and 3 
as needed. 

• d. Fifteen minutes before the end of the period, ad- 
minister Performance Sheet 2 to Groups 1 and 2. 
Collect papers when pupils are finished to use 
for evaluation purposes. 

e. Collect Enrichment-Recall Sheet from Group 3 to be 
used for evaluation purposes. 



CURRICULUM SUGGESTED PACE (Con.) 


BASIC LEVELS 


ENRICHMENT TOrTCS 


April 

*38. Multi pi. - of Fract. Ill 
*39 • Division of Fract. I 
45, Division of Fract. II 
41. Problem Solving V 
*42. Problem Solving VI 


Ratio 

Construction of Plane Figures with Compass 
Pythagorian Theorem 
Complex Fractions 

Using Tables & Charts in Word Problems 


May 

+43. Geometry/Measurement IV 
+44. Cartesian Plane 
+45. Negative Numbers 
+46. Problem Solving VII 
47. Weight Measurement 

_T 1 1V1 Q 1 


Topology 

Graphing Functions 
Negative Numbers (+ and -) 

Problems in Simple Logic 

Multipl. & Division of oz. , lb., and T. 



Review and additional topics at ihe discretion of the teacher. 



* indicates those levels which will probably require less than one 
week to complete. 

+ indicates those levels for which the teacher works with the en- 
richment group, rather than with ohose grouped for additional instruction. 
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PERFORMANCE SHEET 1 
Addition of Fractions II 
Name 



Date 

ADD. 

1. 1 



+ L 



4. 



+ 



2 

3 

5 



2 . 1 



5. I 

8 



+ 12 



3 . 2 

9 

+ \ 



6 . 



+ 2 

3_ 



!.□ 

2 . 1—1 

3. D 

4. CI 
5.0 

6.U 






-«* v 'll* “ v 5* 






ERIC 



l. 



1 

3 

1 

IT 



+ 4. 



*• -1 

10 

2 

5 

+ JL 

4 



2 . 



5. 



1 

5 

2 

3 

l 

5 



1 

F 

1 

2 

a 



44 



3. 2 

9 

1 

5 



+ A. 



6 . 



1 

3 

1 

IT 



+ _i 

12 



TOTALS 



GOALS 



!.□ 

2.0 

3.0 

4.0 
5.D 
6 *D 



BEHAVIORAL OBJECTIVES 



Geometry I_. 

H Given the representation of a point, line, line segment, ray, 
and plane, the pupil writes the appropriate geometric term. 

2) Given a picture of a physical object, the pupil can identify 
a likeness between that and a poipt, line, line segment, ray, and 
plane . 

Basic Facts (+ and -) 

D Given basic addition and subtraction examples which have sums 
or minuends 01 9 or* less, the pupil writes the sum or difference. 

2) Given oasic addition and subtraction examples which have sums 
or minuends of 10 through 18, the pupil writes the sums and differ- 
ences . 

Place Value I, 

D Given a numeral less than 1000, read and written in words, the 
pupil selects, from a series of four numerals, the appropriate 
numerical representation. 

2) Given a numeral less than 1000, the pupil is able to supply the 
missing place value words when the numeral is expressed according 
to its place value components. 

Place Value II . 

F] lliven a numeral less than 1,000,000, read and written in words, 
the pupil is able to select from a series of four numerals the 
appropriate numerical representation. 

2) Given a numeral less than 1,000,000 the pupil is able to supply 
the missing place value words when the numeral is expressed accord- 
ing to its place value components. 

Addition 

T1 Given 2 numerals less than 10,000, the pupil supplies the correct 
sum. 

2) Given 3 to 5 numerals less than 10,000, the pupil supplies the 
correct sum. 

Subtraction I, 

1) Given a subtraction example with 3 or 4 digit numerals, where 
subtraction requires no regrouping, the pupil computes the differ- 
ence. 

2) Given a subtraction example with 3 or 4 digit numerals where 
subtraction requires regrouping from the ones' to the tens' place, 
the tens' to the hundreds', and/or the hundreds' to the thousands' 
place, the pupil computes the difference. 



PERFORMANCE SHEET 2 



Addition of Fractions II 



Name 

Date 

ADD. 

1. 



* I 



4. 1 
3 



2 . 2 

3 

* i 



5 ’ z 



3. ? 

4 



+ & 



6 . 



1 

5 



+ 

10 



!.□ 

2.0 

3.0 
4.D 

5.0 

6.D 



| -k* # -jj- -j;- # -jj* ■& -x* # # # * ** # ft# * *5* k -ft # # *:<■ •& -Jr ■$:* # # # *£■><• # «st •& * # ^ *& * 
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1 . 2 

5 

l 

5 



+ I 



4. 1 

5 






+ J, 

12 



2 . 1 

s 

1 

2 

+ i 

__L 



5 . 2 

9 

1 

5 

+ i 
I_ 



3 * I 



+ i 



6 . 1 

8 

_1 

12 



i 



45 



TOTALS 



GOALS 



l.L_! 

2.0 

3.0 

4.U 

5.0 

6.0 






* 



f 



Subtraction II . 

T) Given a subtraction example with 3 or 4 digit numerals, having 
a 0 in the tens' place of the minuend, requiring regrouping from 
the ones' to the tens' place, the pupil computes the difference. 

2) Given a subtraction example with a 4 digit numeral which is 
a multiple of 1000 for a minuend, and a 3 or 4 digit subtrahend, 
the pupil computes the difference. 

Problem Solving _I. 

D Given an addition or subtraction statement problem, the pupil 
writes the name of the appropriate operation necessary to solve the 
problem. 

2) Given an addition or subtraction statement problem, the pupil 
uses the appropriate operation to solve the problem. 

Measurement ,1. 

T) Given two line segments, pupils are able to use such measure- 
ment tools as rulers to determine if they are congruent. 

2) Given a line segment, pupils are able to determine its length 
to the nearest inch. 

Basic Facts ( x and 4 - ) 

1) Given open basic fact multiplication and division sentences 
involving factors, divisors, and dividends of the 2, 3, 4, and 5 
number families, the pupil writes the correct products or quotients. 

2) Given open basic fact multiplication and division sentences 
involving factors, divisors, and. dividends of the 6, 7, 8, and 9 
number families, the pupil writes the correct products or quotients. 

Distributive Principle 

D Given a 3 or 4 place numeral, the pupil expands it; and given 
an expanded 3 or 4 place numeral, the pupil contracts it into a 
single numeral. 

2) Given a 2 or 3 place factor, and a single digit factor, from 
2 through 5, where multiplication involves no regrouping, the pupil 
expands the larger factor, multiplies each part separately by the 
single factor, and then adds the partial products together to find 
the final product. 

Multiplication I. 

T) Given a multiplication example with a 2 digit factor and a 1 
digit factor, the pupil computes the product. 

2) Given a multiplication example with a 3 digit factor and a 1 
digit factor, the pupil computes the product. 
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OBJECTIVE 1 
WORKSHEET 1 



Addition of Fractions II 
Name 



Date 



Susan wrote this problem on the board: 1 + 1 _ 2 

2 3 5 

Jane saw her work and said, "That doesn't make sense." She drew 
this picture. 



X 




1 ± 


I J 


dE 






////r^/'/z V/ff/’3rfff/\ 5= \ 


O" 


I Sr 


J_ I J- | \J- 1 

r £> | fe 1 U J 

c 0 t H II O / £ i on 1 f 


1 ±1 

r\Y\ 0 ic 


1 _i— 

1 < 2 — 

Ki ft* a e* 1 / 


J o- 

O I T 4 - 1 4 - 



what you have when you put 1/2 and 1/3 together." 

1 

Look at the picture; 2 is the same as how many sixths? 



1 = 
2 



3 is the same as how many sixths? 
+ 2 = , ? 1 - 1-1 = 



1 - 3 + 2 _ 

3 5 * i Z " Z ' 2 ' 3 ~ S 

* Susan said, "To add fractions with unlike denominators, first 
find a common denominator. " 



Do you remember the ways to find a common denominator? Here they are! 



1) Use a picture. 



Now find a common 
denominator for 

1 and 1 

5 3 • 



A 

J2_ 

*3 

* 

/A 



; 

/J. 



/’A 



X 

4- 

X 

/A 

* 



. ) 
3 



iL £L 
/ a. /A 



a. 

-5" 



1 = __ ? 
S 12 



2 = 

3 



12 



_1 

12 



<3, 

H 



/£- 

+ 



JL 

_8 

12 



ji. 

J_lsl.il 

/ 3. fd- /&- 



12 

) 



2) Use sets of equivalent fractions. 1 1 2 / 3\ L 

V S, I 12 J 15, 20 
/ 2 4 o 10 ) 
3 , 5 , 9 , © 15 

+ 2 _ _8 
3 12 



1 = -2 
¥ 12 



j* 

A. 

o 

/«? 



12 
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Zero Pattern 

1 ) Given two factors consisting of a single digit and/or multiples 
of tens or hundred, the pupil identifies the key fact (digits to be 
multiplied before affixing the zeros). 

2) Given 2 factors consisting of a single digit and/or multiples 
of ten or hundred, the pupil writes the product. 

Multiplication II . 

17 Given a multiplication example with a two digit factor and a 
factor which is a multiple of ten, the pupil computes the product. 

2) Given a multiplication example with a 3 digit factor and a 2 
digit factor which is a multiple of ten, the pupil computes the 
produc t • 

Estimation 

T) Given a 2, 3, or 4 digit numeral, the pupil rounds the 2 digit 
numeral to the nearer ten, the 3 digit numeral to the nearer hundred, 
and the 4 digit numeral to the nearer thousand. 

2) Given a statement problem involving addition, subtraction or 
multiplication, the pupil estimates the sum, difference, or product. 

Multiplication III. 

D Given a multiplication example with a 2 or 3 place factor and 
another 2 place factor, the pupil computes the product. 

2) Given a multiplication example with a 3 or 4 place factor and 
another 3 place factor, the pupil computes the product. 

Measuremen t II . 

IT Given 2 rays that form an angle, the pupil names the angle using 
letters or numbers and identifies it as right, acute, or obtuse. 

2) Given two angles, the student identifies one angle as less 
than, greater than, or equal to the other in measurement, through 
observation and the use of protractors. 

Division I_. 

IT Given an open' basic division fact in which the quotient or 
one of the factors is missing, the pupil converts it to a known 
multiplication example and writes the missing numeral that will 
close the sentence. 

2) Given a drawing of a set of objects which is divided into equal 
subsets, the pupil writes the division sentence that is appropriate 
for the set representation. 



Addition of Fractions II 



OBJECTIVE 1 
WORKSHEET 2 



Name 

3) Find the least common multiple. 

Multiples of 4 = ( 4,8, 12, 1 6 , 20, •••) 
Multiples of 3 = ( 3, 6, 9, 12, 15, * * * ) 
L.C.M. = 12 

What numeral would you replace the ? with? 



1 = m = i 

4 4x3 12 

2 .. 2x2 - N 

3 3x? 12 



Add these fractions. (Remember to find a common denominator and 
reduce your answers to simplest terms v/hen possible.) 




4 



15 



D. 





F. 



1 

3 









I 



f- 



J 



Division II , 

H Given a division example with a one-digit divisor and a 2 
digit dividend, where the divison algorithm requires one multipli- 
cation step using the scaffold method, the student uses scaffolding 
to determine the quotient (with or without a remainder), 

2) Given a division example with a one digit divisor and a 2 or 3 
digit dividend where the division algorithm requires 2 multiplica- 
tion steps using the scaffold method, the student uses scaffolding 
to determine the quotient (with or without a remainder). 

Introduction to Fractions 

T) Given an illustration showing a fractional part of a region, 
the pupil writes the appropriate fraction used to name the shaded 
region, 

2) Given an illustration showing a fractioanl part of a set, the 
pupil writes the appropriate fraction used to name that part of 
the set. 

Division III 

T7 Given a division example with an even tens' divisor where scaf- 
folding requires one step, the pupil uses the scaffold method to 
determine the one-digit quotient (with or without a remainder). 

2) Given a division example with an even tens' divisor where 
scaffolding requires two steps, the pupil uses the scaffold method 
to determine the 2 digit quotient. 

Division IV . 

T) Given a division example with a 2 place divisor, where scaf- 
folding requires 1 or 2 steps, the pupil uses the scaffold method 
to determine the one or two digit quotient. 

2) Given a division example with a 2 place divisor, where scaf- 
folding requires 3 steps, the pupil uses the scaffold method to 
determine the 3 digit quotient (with or without a remainder). 

Problem Solving II . 

T1 Given a multiplication or division statement problem, the pupil 
writes the name of the appropriate operation used to solve the 
problem. 

2) Given a multiplication or division statement problem, the pupil 
uses the appropriate operation to solve the problem. 

Problem Solving III . 

ll Given an addition, subtraction, multiplication, or division 
statement problem, the pupil writes the name of the appropriate 
operation used to solve the problem. 

Factors & Multiples I_. 

T1 Given a composite number, the pupil writes all possible factor 
combinations • 

2) Given any whole number, the pupil writes a specified number of 
multiples for that number. 
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OBJECTIVE 2 
WORKSHEET. 1 



Addition of Fractions II 



Name 

Date 



Use the least common multiple method for finding a least common 
denominator for these sets of fractions: 



Example : 



111 

5, 3 



Multiples of 4 = (4, 8 , 12, 16, 20, 24, 
Multiples of 6 = ( 6 , 12, 18, 24, 30 , 36 , ...) 
Multiples of 3 = ( 3 , 6 , 9, 12, 15, 13, ...) 



Least common multiple = 12 



Least common denominator = 12 



ft ft ft ft ft ft ft* ft ft* ft- -ft ft* ft* ft ft* ft ft* ft ft ft ft ft ft* ft* ft ft ft ft* ft ft ft ft* ft ft* ft ft ft ft ft* ft* ft ft* ft* ft ft* ft* ft ft ft ft ft ft ft- ft ft ft ft ft ft ft ft- ft ft* ft ft 

1) 1 1 3 Multiples of 2 = ( 

2 , 5 , 8 

Multiples of 4 = ( 



Multiples of 8 = ( 
Least common multiple = 



Least common denominator - 



2 ) 2 1 1 

5, 3, 5 



Multiples of 5 = ( 

Multiples of 3 = ( 

Multiples of 6 = ( 

Least common multiple = 



Least common denominator = 



3 ) 2 1 1 

9, l, * 



Multiples of 9 = ( 
Multiples of 6 = ( 
Multiples of 4 — ( 

Least common multiple = 

4) 



Least common denominator = 



1 _2 i 

V, 12 , 8 



Multiples of 4 = ( 
Multiples of 12 = ( 
Multiples of 8 = ( 
Least common multiple = 



Least common denominator = 



5) 2 5 1 

3, 8, 5 



Multiples of 3 = ( 
Multiples of 8 = ( 
Multiples of 6 = ( 
Least common multiple = 



Least common denominator = 



) 



i 



Factors & Multiples II . 

T) Given any two numbers, the pupil determines the factors of 
each and then identifies the greatest common factor. 

2) Given any two whole numbers, the pupil determines a sufficent 
number of multiples for each and then identifies the least common 
multiple. 1 

Equivalent Fractions 

1) Given a fraction in lowest terms, the pupil demonstrates his 
knowledge of equivalent fractions by supplying the missing numer- 
ator in an example where the denominator is given in an equivalent 
fraction of higher terms. 

2) Given a fraction of higher terms, the pupil reduces it to low- 
est terms. 

Improper Fractions 

IT Given a mixed numeral, the pupil converts it to an improper 
fraction. 

2) Given an improper fraction, the pupil converts it to a mixed 
numeral. 

Inequalities 

T) Given two proper fractions, the pupil is able to use the "cross 
product demonstration of equivalent fractions" to replace the open 
frame with the correct sign, = or 

2) Given two unequal proper fractions, the pupil uses a method of 
finding equivalent fractions to write the fraction with common de- 
nominators to compare them, and replace the open frame with the 
correct sign, < or> • 

Geome try/Mea surement III . 

TT Given the dimensions of any of the following 4 sided figures: 
parallelogram, rectangle, square, or rhombus, the pupil finds the 
perimeter. 

2) Given the dimensions of any of the following 4 sided figures; 
parallelogram, rectangle, square, or rhombus, the pupil computes 
the area. 

Addition of Fractions I. 

1 ) Given an addition example involving two proper-like fractions, 
the pupil computes the sum and reduces the answer to simplest terms 

2) Given an addition example involving mixed numerals, composed of 
like fractions, the pupil computes the sum and reduces the answer 
to simplest terms. 
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OBJECTIVE 2 
WORKSHEET 2 



Addition of Fractions II 
Name 



Directions: Find a common denominator, rename the fractions, add., 

then write your answer in simplest terms, hatch your 
answers at the bottom of the page. 



! i) 


1 _ 


2) 


1 


3) 


2 _ 


i 


5 




2 


5 


i 


l , 




1 _ 




1 = 




z 




¥ 




3 


1 + 


1 _ 


+ 


3 = 


+ 


l _ 




3 




8 




6 


i 

i 

r 

i. 

| 4) 


2 _ 


5) 


1 _ 


6) 


2 _ 


\ 

i 


9 




£ 




3 


\ 


1 _ 




_2 = 




5 


\ 

f 


Z 




12 




8 


f. 

i + 


l = 


+ 


1 _ 


4* 


i _ 


r 


£ 




8 




z 


i 

r 

[■ 

i 

1 7) 


2 _ 


8) 


1 _ 


9) 


_2 - 


( 


3 




z 




10 


s 

1 


1 = 




2 _ 




2 _ 




2 




9 




5 


l + 


1 _ 


+ 


2 _ 


+ 


1 _ 


l 


£ 




3 ' 




T\ 


i ##*# 


'***»***«**« «« 


iHHHHJ-it-'SHf'tt'iHHHi’iHHHHHHMHHHMHHHMHfrSHHS 




A. 


2 

3 


D. 




G. 


1 2 $ 


B. 


§ 


E. 




H. 


§ 


ci 




F. 


11 

20 


I. 


1 12 



1 

ERIC 
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Addition of Fractions II 

ll Given an addition example involving two proper, unlike frac- 
tions, the pupil finds the least common denominator, converts the 
fractions to equivalent forms, and computes the sum giving the 
answer in simplest terms 0 

2) Given an addition example involving three unlike fractions, 
the pupil finds the least common denominator, converts the frac- 
tions to equivalent forms, and computes the sum giving the answer 
in simplest terms. 

Subtraction of Fractions _I. 

TT Given a subtraction example with two proper, like fractions, 
involving no regrouping, the pupil computes the difference and 
writes the answer in simplest terms. 

2) Given a subtraction example with two like fractions, involving 
regrouping of a mixed numeral, the pupil computes the difference 
and writes the answer in simplest terms. 

Subtraction of Fractions II . 

H Given a subtraction example with two proper, unlike fractions, 
involving r.o regrouping, the pupil finds the least common denom- 
inator, converts the fractions to equivalent forms, and computes 
the difference, giving the answer in simplest terms. 

2) Given a subtraction example v;ith two unlike fractions, invol- 
ving regrouping of a mixed numeral, the pupil converts the frac- 
tions to equivalent forms with common denominators, regroups, 
and computes the difference, writing the answer in simplest terms. 

Problem Solving IV . 

1) Given an addition or subtraction problem involving fractions, 
the pupil writes the name of the appropriate operation used to 
solve the problem. 

2) Given an addition or subtraction statement problem, involving 
fractions, the pupil uses the appropriate operation to solve the 
problem. 

Place Value III . 

T) Given a 1 or 2 place decimal numeral, read and written in 
words, the pupil selects from a series of four numerals, the ap- 
propriate numerical representation. 

2) Given a 1 or 2 place decimal numeral, the pupil supplies 
the missing place value word when the numeral is expressed 
according to its place value components. 
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ENRICHMENT WORKSHEET 



Probability 



Name 

Date 







• • 
• • 



FOLD BACK HERE 



"Take a chance." Have you ever tried your luck at 
the many dice and card games at a carnival? Were there 
some games that are easier to win at than others? How 
can you tell which games will give you a good -chance of 
winning and which are the ones you will probably seldom 
win at? There is a type of mathematics that can help us 
with the answers to these questions. It is called 
PROBABILITY. Probability helps us to see how many times 
a certain thing will probably happen. 

We have seen how fractions are used to tell about 
dividing a whole into equal parts. The mathematics of 
probability also uses fractions, but they are written to 
mean something different. See if you can do these exer- 
cises which will help you to figure out what are the odds 
of somethings happening. 



1 ) Maria has a quarter. She and her friends like to try 
and guess whether a head or tail will turn up on a coin 
toss. Maria's friend, Ann, thought up another game. Ann 
said it wou^d be harder to guess what would turn up on 
two coin tosses, rather than one. Four children played 
the game. Maria guessed that 2 heads would appear. Ann 
guessed that first a head and then a tail would be tossed. 
Joan guessed that first a tail and then a head would be 
thrown. Regina was the last to guess. What guess would 
she make to make sure that at least one of the children 
would guess correctly? 



UNFOLD & CHECK 

2) Joan thought of a way to write down the guesses so 
the children would not forget their guess. She used 
this short-cut: (H,H) means a guess of two heads. 

What would a guess of tv/o tails be written as? 



that 
2 tails 
would be 
tossed 

FOLD BACK 



(T.,T) 



To show Ann's guess Maria wrote (K,T) to mean a head would 
appear first, and then a tail. The girls made this chart. 

Can you finish the chart by writing the symbols they 
would use for Joan's and Regina's guesses? 

Maria - (H,H) Ann- (H,T) Joan- Regina- Joar-(T,H) 

Regina- (T,T) 

UNFOLD & CHECK 
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Multiplication of Fractions I 

IT u 'iven a pictorial representation, the pupil can write the ap- 
propriate open multiplication sentence to represent the pictured 
concept . 

Multiplication of Fractions II . 

l”J u iven a multiplication example with two proper fractions, the 
pupil computes the product and writes the answer in simplest terms. 

2) Given a multiplication example with at least one improper frac- 
tion as a factor, the pupil computes the product and writes the 
answer in simplest terms. 

Multiplication of Fractions III . 

T) ^iven various combinations of open sentences involving multi- 
plication of reciprocals, the pupil demonstrates his knowledge 
that multiplication of reciprocals yields 1, by replacing the open 
frames with the correct numeral. 

2) Given a multiplication example involving two fractional numbers, 
the pupil uses cancelling to reduce the work involved in the actual 
multiplication algorithm to solve the product. 

Division of Fractions I. 

H Given an open multiplication sentence where the first factor 
is missing and the second factor and product are given, the pupil 
supplies the missing factor by direct observation. 

2) Given the related open division sentence, the pupil supplies 
the missing quotient by recognizing the relationship between mul- 
tiplication and division. 

Division of Fractions II. 

H Given a division example where a fractional number is divided 
by a whole number, the pupil computes the quotient and writes the 
answer in simplest terms. 

2) Given a division example involving two proper fractions, the 
pupil computes the quotient and writes the answer in simplest terms. 

Problem Solving V. 

H Given a multiplication or division statement problem involving 
fractional numbers, the pupil writes the name of the appropriate 
operation used to solve the problem. 

2) Given a multiplication or division statement problem involving 
fractional numbers, the pupil uses the appropriate operation to 
solve the problem. 

Problem Solving VI. 

F] Given an addition, subtraction, multiplication, or division 
statement problem involving fractional numbers, the pupil writes 
the name of the appropriate operation used to solve the problem. 
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ENRICHMENT WORKSHEET 2 



9 

ERIC 



Probability 

Name 



3) Jack had a pair of dice. He wanted to see how many 
times he could roll the number seven. He made a table 
that looked like this; 



1st try 

2nd 

3rd 

4th 

5th 

6th 



1st die 

4 

6 

5 
1 

4 

5 



2nd die 
1 
6 
2 

1 

5 

4 



Combination 
(4+l)= 5 
( 6 + 6 )= 12 
(5+2)= 7 
( 1 + 1 )= 2 
(4+5)= 9 
(5+4)= 9 



After rolling the dice 6 times, the combination of 7 came 
up only once. Jack began to wonder how many different 
outcomes could he have when he rolled the dice. Jack 
thought of a way 
like this: 

(1,6) 

(1,5) 

(1,4) 

(1,3) 

( 1 , 2 ) 

( 1 , 1 ) 

The first number shows the number appearing on the top of 
the first die. The second number of each pair shows the 
number appearing on top of the second die. 

How many different outcomes are there? 



to i 


count 


, them. 


He made a li 


st that 


(2 


,6) 


(3,6) 


(4,6) 


(5,6) 


(6,6) 


(2 


,5) 


(3,5) 


(4,5) 


(5,5) 


(6,5) 


(2 


,4) 


(3,4) 


(4,4) 


(5,4) 


(6,4) 


(2 


,3) 


(3,3) 


(4,3) 


(5,3) 


(6,3) 


(2 


,2) 


(3,2) 


(4,2) 


(5,2) 


(6,2) 


(2 


,D 


(3,1) 


(4,1) 


(5,1) 


(6,1) 



Circle the six outcomes that Jack recorded on his first 
six throws. 

UNFOLD & CHECK 

4) Then Jack made a drawing using dots to represent the 
outcomes. His drawing looked like this: 



FOLD BACK HEfE 
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(4.1) (6,6) 

(5.2) (1,1) 

(4,5) (5,4) 

FOLD BACK 



(2nd 

die) 



6 

5 

4 

3 

0 

1 



y 

12 3 



• x • 

5 5 6 



(1st die) 



The numbers going across show 
all of the possible numbers that 
could appear on the first die. 
The numbers written up and down 
show all the possible numbers 
that could appear on the second 
die. 



The x's on his drawing are to show the outcomes he re- 
corded on his 6 throws. To record an outcome of (5,4), 
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Geometry/Measurement IV* 

U Given the dimensions of a rectangular prism, the pupil computes 
the volume* 

2) Given the dimensions of a rectangular prism, the pupil computes 
the surface area* 

Cartesian Plane 

IT Given the coordinates of a point, the pupil plots the point 
on the cartesian plane. 

2) Given the point on the cartesian plane, the pupil writes the 
coordinates of the point. 

Negative Numbers 

T7 Given a picture of a number line, the pupil writes the correct 
negative integer to associate with the corresponding point. 

2) Given two integers, the pupil compares their value and replaces 
the open frame with the correct sign, <. or > . 

Problem Solving VII 

T7 Given a problem with too little information, the pupil is able 
to determine what added information is needed. 

2) Given a problem with extraneous information, the pupil is able 
to ignore the added information and proceed to work the problem. 
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ENHICHMENT WORKSHEET 3 



Probability 
Name 



FOLD HACK HE® 



Jack went across 5 and up 4. 

To record an outcome of (3,4), how many spaces would Jack 
go across? How many spaces would he go up? 



UNFOLD & CHECK 



5) Jack threw the dice 6 mdre times. Here are his results: 



1st try 
2nd 
3rd 
4th 

5 th 

6 th 



1st die 
4 
2 
1 
3 
3 
2 



2nd die 
4 
6 
6 
2 
6 
4 



Combination 

8 

8 

7 

5 
9 

6 



'//hat number appeared on the top of the first die on his 3rd 
throw? 



What number appeared on the top of the second die on his 
sixth throw? 



Of the six times Jack threw the dice, how many times did 
he have a total of 7 showing on the dice? 



UNFOLD & CHECK 

6) Jack threw the dice 6 more times. This time he used 
his picture graph, rather than a table, to record his out- 
comes . 



6 . . 

5 • • 

(2nd 4.x 

die) 3 • • 

2 x • 

1 . . 

1 2 3 4 5 6 

(1st die) 



• X • 
. . X 
X X • 



Can you list his 6 results? 
(Remember to go across first, 
and then up.) 



UNFOLD 8c CHECK 



3 4 

FOLD BACK 



1 

( once ) 
FOLD BACK 



in any 


order 


(1,2) 


(5,3) 


(2,4) 


(5,5) 


(4,3) 


(6,4) 



O 

ERIC 
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LESSON PLAN AND 
TEACHER-CONSTRUCTED MATERIALS 
FOR LEVEL 31 : ADDITION OF FRACTIONS II 



O 

•ERIC 
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ENRICHMENT WORKSHEET 4 



Probability 

Name 



7) Jack thought he could use his picture graph to tell how 
many different ways he could roll 7 with the two dice. 

He placed an x on his graph to show all the outcomes that 
would give a combination of 7* 

6 * . . . . . How many ways of rolling 

5 • * • . . • 7 are there? 

( 2nd 4 • • x • • • 

die )3***x*« 

2 . . . . x . Can you list them using the 

1 short-cut Jack did in mak- 

1 2 3 ^ 5 6 ing his first list? 

(1st die) 



UNFOLD & CHECK ; 

8) Jack thought if each of the 36 possible outcomes ap- j 
peared once in 36 throws, he could estimate what the prob- : 
ability or chance of getting a 7 would be. The chance of 
rolling a 7 is 6 out of 36* Jack used a fraction to show 
this. 6 The numerator telB how many different 

w ways there are to roll 7« The denominator j 

tells how many different outcomes there ! 
are in all. | 

Can you think of another fraction that names the same 
value as 6 ? (hint: Reduce to lowest terms.) 

w 

Thinking about the fraction in this new way, can you tell 
how many times you should expect to have a combination of 
7 in six throws? 



UNFOLD Sc CHECK j 

True or false? The probability of getting a 7 when two I 
dice are thrown is 1 . or 1 out of 6 tries. \ 

| 

UNFOLD & CHECK j 



FOLD BACK HERE 



6 

( in any order) 

(6.1) (3,4) 

(5.2) (2,5/ 

(4.3) (1,6) 

FOLD BACK 



1 

T" 



1 

FOLD BACK 
true 
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ENRICHMENT WORKSHEET 5 
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Probabili ty 
Name 



9) Use Jack's graph to see how many different ways you 
can have to roll a 5- 

Make a list of them here. 

6 • 

5 . 

(2nd 4 * 
die) 3 . 

2 . 

1 . 

1 2 3 4 5 6 

(1st die) 



UNFOLD 4 CHECK 

10) Since there are 4 possible ways out of 36, what frac- 
tion can you write to show the probability of getting a 5? 



Reduce the fraction to lowest terms. 



How many times should you expect to get . 5 showing on the 
two dice after 9 throws? 



UNFOLD & CHECK 



11) Use Jack's picture graph to tell the following: 

What is the probability of getting: 



6 


o • • • 


• 


• 


















5 


• • • • 






a) 


a 


roll 


of 


4 


with 


2 


dice? 


(2nd 4 


• • • • 


• 


• 


















die) 3 


• • • • 


• 


• 


b) 


a 


roll 


of 


2 


with 


2 


dice? 


2 


• « • « 


« 


« 


c) 
















1 


• p • • 


• 


• 


a 


roll 


of 


10 with ; 


Z dice? 




12 3 4 


5 


6 




















(1st die 


) 




d) 


a 


roll 


of 


6 


v/ith 


2 


dice? 










e) 


a 


roll 


of 


r» 

( 


with 


2 


dice? 










f ) 


a 


roll 


of 


1 


with 


2 


dice? 



Which number has the greatest probability of turning up, 
since it has the most possible combinations of occurring? 



UNFOLD & CHECK 



REMEMBER: A probability does not tell how many times 

something will occur for certain. It simply tells 
us how many times we can expect a thin:' to happen. 
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FOLD BACK HERE 



(in any order 
(1,4) 
(2,3) 
(3,2) 
(4,1) 

FOLD BACK 



4 

1 

9 



FOLD BACK 






or 



12 



1 

~w 



or 



12 



6 

JK 



36 



or 1 

~T 



0 or 

_~W o 

(It will never 
happen) 



f 



o 

ERIC 



FOLLOW-UP EXERCISES 



Probability 

Name 



1) See if you can use this graph to tell the probability 
of rolling an even number and getting a head when a coin 
is tossed and a die is cast. 



6 

5 

4 

j 

2 

1 



UNFOLD & CHECK 



H T 



2) Draw a graph to show all the possible outcomes you 
could get in tossing 2 coins. 



UNFOLD & CHECK 



3) 
a 7 


What 

when 


is the probability of getting a 
two dice are thrown? 


7 or not 


getting 










UNFOLD 


& CHECK 


4) Take two dice and 
of your results. 


roll them 36 times 


. Make a 


record 


1) 




10) 


19) 


28) 




2) 




11) 


20) 


29) 




3) 




12) 


21) 


30) 




4) 




13) 


22) 


3D 




5) 




14) 


23) 


32) 




6) 




15) 


24) 


33) 




7) 




16) 


25) 


34) 




8) 




17) 


26 ) 


35) 




9) 




18) 


27) 


36) 




How 


many 


times did you roll: 1 . 2 


, 3 




4 


* 


5 , 6 


,7 .8 


. 9 




10 


j 


11 . 12 


? How do your results 


compare 



FOLD BACK HERE 



3 

7 2 



or 4 
FOLD BACK 



T . . 
H . . 

T H 



FOLD BACK 



36 or 1 
(a sure thing) 
FOLD BACK 



with the probabilities? Were the probabilities good estimates? 
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ENRICHMENT RECALL SHEET 




Probability 



Name 

Date 



1) List the three ways you could obtain a combination of 4 
when 2 dice are thrown. 



2) How many different outcomes are there in throwing 2 coins? 



3) What is the probability of getting a 2 when two dice are 
thrown? 



A) What is the probability of getting an 11 when two dice are 
thrown? 



5) What is the probability of getting a tail when one coin is 
tossed? 



6) What is the probability of getting two heads when two coins 
are tossed? 
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NEGATIVE NUEEEiiS 



A. 3ehavioral Objectives 



I 



1. Given a picture of a number line, the pupil writes the 
correct negative integer to associate with the corres- 
ponding point. 

2. Given two integers, the pupil compares their values and 

replaces the open frame with the correct sign < or > „ 

B, Procedures 

I. Period One (Whole Class) 



a. Motivational Technique 



Relate this fairy-tale story: One day the whole 

numbers lined up to go for a walk • (Draw a number 
line starting with 1 and continuing to 6 cr so: 

<■ 1 ^ ~ 1 i Vjr V ' — '>) • They marched along until 

they came to a very rounu and deep lake. (Add 0 to 

the number line: * e> i i j t t — * )• Guess 

what they saw as they gazed into the lake? (Hear 
various responses). No, they didn't see any fish. 
No, they didn't see any frogs. As they gazed into 
the lake, they saw reflections of themselves. 



lec 

-4- 



ivmg 



* ). 



(Add "reflections" on left side of zero, 
off the negative signs for now: * — s 3 2 t o 1 Tim? 
Now the numbers had never seen themselves before. 
But as number 1 looked at the "reflections" he saw 
that something was different. He saw that their 
"reflections" were really opposites of what the num- 
bers actually were. Number 2 was not so sure. At 
first he couldn't see any difference. But all of 
the numbers looked at their "reflections" and they 
were positive (Add + signs to numbers on the 
of zero: < i ~£-ir$ 



i 4 



) tha t 



right 
the "re- 



zero: t £ 3 1 <+ 3 2 . i O *1 r 3 TJ2 
flections" were different from what they were 
Since they were so positive, we'll call these the 
"positive numbers". (Write the words "positive num- 
bers" under the positive integers). This sign ( + ) 
shows that the numbers are positive. Now we said 
that the "reflections" were the opposites of the 
positive numbers. 'What sign do you think we will 
write to show that these numbers (Point to the neg- 
ative integers on the left of zero) are the oppo- 



>ites of these positive numbers? 



That ' s 



right, 



we'll use a small - sign. But we'll call it "neg- 
ative" instead of "minus". (Add - signs to negative 
integers and write the words "negative numbers" 



under those numerals : < f 



-t -JV-' 

^4 » u/t 1 w ^ e ^ 



<-| ii. -f-5 (W li - -ft 
T^S*i:iOc. , 



* ). 








i 
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NEGATIVE NUMBERS 
2 

(Point to a +3). This number is a positive three. 
This number (Point to a -3) is a negative three. 
Those two numbers are opposites. What is the op- 
posite of a positive 2? Can someone point to it 
on the number line? Continue to give pupils prac- 
tice in using the terms positive and negative while 
associating the correct numeral with the corres- 
ponding point on the number line. 

b. Discuss the idea of having values less than zero, 
Include discussion of how negative numbers would 
be used on a thermometer; for telling the amount 
of time before and after a rocket blast-off; for 
keeping score when you "go in the hole"; to talk 
about places above or below sea level. Encourage 
students to relate real-life situations that could 
make use of negative numbers. 

c. Teach second behavioral objective. 

Suggested Activities: 

Use the number line to discuss the values of var- 
ious integers in relationship to other integers. 

Be sure to relate this activity to the practical 
experiences discussed earlier. Review the meaning 
of the signs < and > . Use the criterion of one 

integer is greater than another integer if it is 
to the right of that integer on the number line to 
provide practice in replacing open frames with c 
cr > in exercises such as -4 -5. 



2. Period Two ('Whole Glass) 

a. Administer rjerformance sheet. 

b. Pupil scoring (optional). 

c. Teach review work to be used in maintenance 
activities. (Suggested topics: decimal place value 
to thousandths, and procedures for finding the 
least common denominator ) . 

d. Have pupils survey selected maintenance activities 
from textbooks. (Example: Page 257 in Addison Wesley 
and selected exercises from page 193 of* the Ginn 
series may be used for this week's maintenance work). 
Discuss directions. Have pupils begin work in their 
notebooks if time permits. 
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NEGATIVE NUMBERS 
3 



Planning for Differentiated Instruction 

Note: Pupils who have NOT earned either or both goals on 

their performance sheet constitute Group 1. 

Pupils who have passed BOTH objectives constitute Group 2. 

3. Period Three 

a. Seat pupils according to groups. 

b. Group 1 works on maintenance activities. 

c. Teach "Addition and Subtraction of Negative Numbers" 
to Group 2 (25 min.). 

* Behavioral Objectives: 

1) Given an addition example involving positive 
and/or negative integers, the pupil computes 
the sum. 

2) Given a subtraction example involving positive 
and/or negative integers, the pupil computes 
the difference. 

Procedures : 

Materials Needed: Strips of paper in the shape of 

letters marked as bills or checks to various amounts. 

1) Motivational Technique: 

How many of you like to get mail from the post- 
man? Do your mothers and dads always like to 
get mail? (Elicit remarks about how nice it 
is to get letters from friends or even checks, 
but that bills usually aren’t welcome). 

2) Teach behavioral objectives. 

Suggested activities: 

We ' re going to play a game today with "Postman 
Stories" (Davis, 1964). To do this we’ll have 
to invent an arithmetic for numbers with signs. 
(Explain that a +3 will mean the postman has 
brought a check for $3 and a -2 represents a 
bill for $2). Suppose the postman brings you 
a check for .$4 and a bill for $2. Are you richer 
or poorer? By how much? Can anyone think of 
a number sentence that explains this? (Write 
the sentence: +4 + -2 = +2 after the children 
have correctly responded). 

Have volunteers come up to the front of the 
group and draw "postal cards" from the mail 
bag. Another child may then write the number 



negative numbers 
4 



sentence to correspond to that "number story". 
Two bills dravm for #3 and #4 would be repre- 
sented by the number sentence -3 + -4 - -7, 
which is interpreted as owing $7 or being $7 
poorer. Practice with the exercise until most 
children have the general idea. 

Most postmen are very good workers and they al- 
ways bring the mail to the right place. But 
suppose our imaginary postman often gets things 
mixed up. For example, if the postman comes 
on Monday and says, "The check 1 left you last 
week was really for the lady next door," and he 
takes back the check for $ 13 , does his visit 
make you richer or poorer? Suppose he gives 
you a check for $3 nnd takes back a check for 
$5* ^ould you be richer or poorer? By how 
much? Can anyone think of a number sentence 
that will represent that story? 

(Write the sentence in words and symbols for 
the children to compare: 



The postman brought 
you a check 


+4. 




for $3 


+3 




but also 


j. 




took away 


+3 - 


4 


another check 


+3 - 




for $5. 


+3 - 


+5 


Because of his visit, 
you were 
$2 poorer. 


+3 - 


+5 



Continue with such activities until all possi- 
bilities are discovered: adding two positives, 
subtracting two positives, adding two negatives, 
subtracting two negatives, adding a negative 
and a positive, subtracting a neg tive from a 
positive, subtracting a positive from a negative). 

3) Have pupils in Group 2 work on maintenance ac- 
tivities. 

4) Review the ideas presented in negative Numbers 
with Group 1 (10 min.). 

Suggested Activities: 

a) braw a number line on the board. Have mem- 
bers of the group take turns in supplying 
numerals to represent corresponding points. 

b) Use the number line to determine whether one 
point is less than or greater than another by 
comparing the relative position of each point. 
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NEGATIVE NUMBERS 

5 



4. Period Pour 

a. Distribute sets of instructional worksheets to 
Group 1, Pupils begin work independently . 

b. Review material covered in period three with Group 2. 
(Extension of the previous activities can be used 

or additional activities can be taught according to 
the discretion of the teacher). 

Distribute enrichment worksheets to Group 2; pupils 
begin work. 

c. Spend remaining time spot-checking all groups, giving 
individual help where needed. 

5. Period Five 

a. Groups 1 and 2 continue with previous day's work, 
or if finished continue work in maintenance ac- 
tivities . 

b. Spot-check both groups. Give individual help as 
needed. 

c. Before end of period, check the enrichment recall 
sheet with Group 1, which will serve as an evalua- 
tion instrument. 

d. If pupils are finished with assignments before the 
end of the period, allow them to play arithmetic 
games or solve "star problems" from the problem box. 




* 



PERFORMANCE SHEET 



1 

+';/ 

V 

‘o 

ERIC 



Negative Numbers 
Name 



Date 



Directions : 



What numerals would, you associate with these 
points? 





B 


C -4 


* 

D 


— i 1 1 i i j tv 

E F 0+1 +2 +3 +4 ' 


1 . 


A = 








2. 


B = 








3. 


C = 








4. 


D = 








5. 


E = 








6. 


F = 








* * - i# - ■ 






-:*• k k x •? v j /<- x # ^ * -jj* ^ x # v * <• •>:- {hhhhi- z 


Directions : 


Replace 


the 


with the correct sign, or > . 


1 . 


-5 


-2 






2. 


+6 


-8 






3. 


-2 


+1 






4. 


0 


+8 






5. 


-4 


-6 






6. 


+3 


+2 







TOTALS 



GOALS 
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2. a 
30 
40 
50 
6.0 



!.□ 

3. a 

4. n 

5. D 

6.0 



ENRICHMENT WORKSHEET 



Negative Numbers 

Name 

Date 

It is interesting to think about numbers for the points 
opposite the whole numbers on the number line. Numerals 
for these numbers are placed to the left of 0 and are writ- 
ten with small - signs before them. These "new" numbers, 
together with the whole numbers, make up a set of numbers 
called the integers. The new numbers are called negative 
integers. The whole numbers other than 0 are called pos- 
itive integers. Study this picture. 




NEGATIVE INTEGERS 



0 






+5 






POSITIVE INTEGERS 



1) Suppose the temperature falls 5° below zero. We can 
use negative integers to show this. We can represent this 
temperature by writing -5°» 

What would 10° below zero be written as? 

If the weather bureau records the temperature as +16°, 
does this mean that it is above or below zero? 



The weather report reads: 

TEMPERATURE: (9 A.M.) -7 . 
Tell in words what this means. 



UNFOLD & CHECK 



2) Here is a picture of a meter in an elevator. The 
ground floor is represented at 0, The floors above ground 

are represented by positive in- 
tegers. Those below ground are 
represented by the negative in- 
tegers. 

Did the elevator stop above or 
below ground? 




On what numeral would the arrow 
point if the elevator were on the 
first floor? 



on the first floor below ground 
level? 



UNFOLD & CHECK 



FOLD RACK HERE 



- 10 ° 

above 

7 degrees 
below 0 

FOLD BACK 



below 

+1 



-1 



ENRICHMENT WORKSHEET 2 



Negative Numbers 



Name 



FOLD BACK HERE 

I 

i 



3) John was watching a rocket launching on television. 
He wanted to keep a record of all that happened. He 
wrote in his notebook: 



-6 hrs • 
-1 hr. 
-32 min. 

-10 min, 

-1 min. 
-10 sec. 
0 

+59 sec. 
+4 min. 
+2 hrs. 



Astronauts enter spaceship 
Astronauts make final check 
Final adjustment of flight plan made 
by computer 

President wishes astronauts a safe 

trip on telephone 

Final countdown begins 

Rockets are fired 

Liftoff 

First phase of rocket separates 
Second phase of rocket separates 
Astronauts complete first orbit of 
earth 



What set of numbers did John use to show the time bef ore 
the launching? 



What set of numbers did John use to show the time after 
the launching? 



If the astronauts ate breakfast 8 hours before the launch- 
ing, what numeral would John use to record this time in 
his notebook? 



UNFOLD & CHECK 



4) Russ drew this picture graph. 



negative 

integers 



positive 

integers 



-8 

FOLD BACK 



■ 'W 

seconds before blastoff 



A ~j 0 + 1 +2 +3 +4 +5 +5" 



seconds after blastoff 



What numerals would you use to replace the letters? 



A 

C 



B 

D 



E 




-3 

-5 



UNFOLD & CHECK 



-6 



f 




ENRICHMENT WORKSHEET 3 



Negative Numbers 

Name 

5) Kriss made this picture of a thermometer. Can you 
fill lr» the blanks with the correct numerals? 

+5 

(A) 

+3 
+2 
+1 
0 

-1 
_9 

(3) 

(C) 

UNFOLD & CHECK 

6) Fill in this number line using positive and negative 
integers . 




e - 1 



o +1 * 1 1 1 4 



FOLD BACK 
HERE 



(A) +4 



(ii) -3 
(C) -4 



FOIL) BACK 



Use your picture of the number line to answer these ques- 
tions: 

Which is more: +7 or +5? 

Is +7 to the right or left of +5 on the number line? 

Which is more: +6 or 0? . 

Is +6 to the right or left of 0 on the number line? 

UNFOLD & CHECK 

Is 0 to the right or left of -2? 

Which is more: 0 or -2? 

Is -5 to the right or left of -7? 

Which is more: -5 or -7? 

Complete: 

One integer is greater than another integer if it is 

to the of that integer on the number line. 

UNFOLD & CHECK 



+7 

right 

+6 

right 

FOLD BACK 
right 

0 

right 

-7 



right 
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ENRICHMENT. WORKSHEET 4 



Negative Numbers 
Name 



+6 is greater than +4 because +6 is on the right of +4 
on the number line. 

—7 is greater than —10 because —7 is on the 

of -10 on the number line. 



FOLD BACK HERE 



UNFOLD & CHECK 

7) Circle the one that has the greater value. Remember 
the picture of the number line. 



a) 


+4, 


+6 


g) 


-3, 


+2 


b) 


o, 


+2 


h) 


-4, 


0 


c) 


-5, 


+3 


i) 


0, 


-2 


d) 


+5, 


-1 


j ) 


+8, 


-9 


e) 


+6, 


1 

»-* 

O 


k) 


+6, 


-1 


f) 




0 


1) 


+2, 


-4 


Is 


thi 


s statement true? 


All 


positiv 



UNFOLD & CHECK 



than negative integers. 



+5 is greater than +2. Is -5 greater than -2? 
Why net? 



UNFOLD & CHECK 



the picture of 


the number line. 


a) -5, -2 


g) -12, -1 


b) -8, 0 


h) -2, —3 


0 

1 

1 


i) -4, -2 


a) -9 


j) -1, -6 


1 

VT\ 

1 

Q) 


k) -8, -2 


f) -2, -3 


1) -5, -3 



UNFOLD & CHECK 



right 
FOLD BACK 



a) +6 


g) 


+2 


b) +2 


h) 


+4 


c) +3 


i) 


0 


d) +5 


0 ) 


+8 


e) +6 


k) 


+6 


f) 0 


1) 


+2 


FOLD 


BACK 


yes 






no 






•». : j i 


s not 


to the 


right 


of - 


2 on the 


number 


line. 


FOLD 


BACK 



a) -2 


g; -i 


b) 0 


h) -4 


<r\ 

i 

o 


i) -2 


a) -6 


j) -1 


1 

0) 


k) -2 


f) -2 


1) -3 
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ENRICHMENT WORKSHEET 5 



Name 



9) Replace the blanks with the correct s^ni C or > 

( Remember, the wide part of the sign always faces the * 
larger numeral.) J u cnc 



a) 


+4 


0 


b) 


+2 


-4 


c ) 


-5 


-8 


d) 


•2 


-1 


e) 


+5 


+2 



JUST FOR F(JN: 



+ 13 . 



4IX 



■+H 




+3 -' r 



4 Jb 



4 

-y 



f) -? 

g) +8 

h) -2 

i) -6 

j) -9 

UNFOLD <i CHECK 

Start wi th the lowest 
numeral and work towards 
the highest. 



+? 

-9 

o 

-8 



-5 



-JO- 



FOLD BACK 
HERE 



.) 



b) 

c) 

d) 



) 



i) 



f) 

s) 

h) 

i) 
j ) 



4*5 



-/* 







Negative Numbers 
Name 



ENRICHMENT' RECALL SHEET 



Date 



1) On this number line, label all of the integers from +6 to -6. 



^ i i 1 •. 



j i i 1- * a i 1 1 

0 






2) Replace the blanks with the correct sign, < (less than), or 
> (greater than). 



a) 


+4 


-6 


b) 


-6 


-2 


c) 


-5 


+3 


d) 


0 


-4 


e) 


-8 


-1 


f) 


+3 


+2 
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ENRICHMENT WORKSHEET. 



Negative Numbers (f & -) 

Name 

Date 



1) Write a number sentence for the story. 

The postman brings you a check for $7 and a bill for 
c 



Are you richer or poorer? 
By how much? 



UNFOLD & CHECK 

2 ) Write in words what this sentence means: -5 + -2 = -7 



UNFOLD & CHECK 



Can you make up 
Use your storv 
problem. Write 


a postman story 
to figure out an 
your answer on 


for each problem? 
answer for each 
the line. 


a) 


+6 + +2 = 








b) 


+8 + -1 = 








c) 


1 1 
il 

1 

1 








d) 


+2 + -5 - 








e) 


-4 + -1-9 = 








f) 


-6 + h-2 = 








g) 


-4 + 0 ~ 









UNFOLD & CHECK I 



FOLD BACK HERE 



+7 + -5 = ? 

richer 
+2 or $2 
FOLD BACK 



The postman 
brought a bill 
for $5 and a 
bill for $2, 
which makes 
you #7 poorer 

FOLD BACK 



a) 


+8 


b) 


+ 7 


c) 


-9 


d) 




e) 


+5 


f) 


-4 


g) 


-4 



ERIC 
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ENRICHMENT WORKSHEET 2 



Negative Numbers (+ & -) 



Name 



FOLD BACK HERE 



4) Write a number sentence for this story. 

The postman brings you a check for $3 and takes back 
a bill for $3* 



+3 - -3 = ? 



Are you richer or poorer? 



richer- 



By how much? 

UNFOLD & CHECK 

5) Write a number sentence for this story. 

The postman brings a bill for $5 and takes back a 
bill for $7. 



+6 or $6 
FOLD BACK 



-5 - -7 = ? 



Are you richer or poorer? 



richer 



By how much? 

UNFOLD & CHECK 

6) Write a story for what this sentence means: 

+2 3 = + 5 . 



UNFOLD & CHECK 

7) Write a story for what this sentence means: 

-5 - +8 = -13. 



" UNFOLD &, CHECK 

8) Write a number sentence for this story. 

The postman brings a check for $5 and a bill for $1, 
and then takes back a check for $3» 



How much richer or poorer are you? 

UNFOLD & CHECK 



+2 or $ 2 
FOLD BACK 



The postman 
brings a check 
for $2 and 
takes back a 
bill for $3> 
which makes 
you #5 richer. 

FOLD BACK 



The postman 
brings a bill 
for $5 and 
takes away 
a check for 
#8, which 
makes you $13 
poorer. 

FOLD BACK 



+5 + -l - +3 = 

, 9 

$1 richer 
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ENRICHMENT WORKSHEET 3 




Negative Numbers (+•<&-) 




Name 


L 




| FOLD HACK HERE 


9) Can you make up a postman story for each problem? 


( r 


Use your story to figure out an answer for each 




problem. Write your answer on the line. 




a) +4 - +2 = 


a) +2 


b) +6 - -3 = 


b) +9 


c) +2 - +7 = 


c) -5 


d) - +6 = 


d) -10 


e) -3 - -2 = 


e) -1 


f) -6 - +1 = 


f) -7 


k) 0 - +3 = 


g) -3 


UNFOLD & Check 






FOLD HACK 


10) Tom made this picture 




— 




/ t , { t , , t t ^X f - V 




" -5 -4 -3 - 2-1 0 +1 +2 +3 +4 +5 




to show that the opposite of -3 is + 3» We can use 




these symbols to say the same thing. °(-3) = +3 




See if you can make a picture to show °(+l) = -1. 








> j 1 ^ j 


, , . .V 






UNFOLD 8c CHECK 






FOLD HACK 


11) See if you can make a picture to show °(-5) = *5. 






/ 

^ . till v 


^ 0 ' 




UNFOLD & CHECK 




« . 7 £5 




1 ERJC 









ENRICHMENT WORKSHEET 4 



Negative Numbers ( + & - ) 
Name 





12) 


What 


is +4 


+ -4 = 


? 




FOLD BACK HERE 
0 








-4 


+ +4 = 


? 




0 














UNFOLD a CHECK 


FOLD BACK 




13) 


What 


values 


make these- 


sentences true? 








a) 


+8 + 




= 0 


c ) +6 + 


= 0 


a) -8 c) -6 




b) 


-8 + 




= 0 


d) -6 + 


= 0 


b) +8 d) +6 














UNFOLD & CHECK 


FOLD BACK 




14) 


Fill 


in the 


missing numerals. 










a ) 


+9 - 


= 0 






a) +9 






b) 


-9 - . 


= 0 






b) -9 






c) 


+9 + 


= 0 






c) -9 






a) 


-9 + 


- 0 






a) +9 






e) 


0 - 


= +9 






e) -9 






f ) 


0 - 


« -9 






f) +9 






g) 


+9 - 


= +9 






g) o 






h) 


-9 + 


- -9 






h) 0 






i) 


0 + 


_ = +9 






i) *9 














UNFOLD & CHECK 


FOLD BACK 






Problems 














Name 


the next 4 numbers 


in each sequence. 








a) 


-4, -2, 


0, +2, 


» I 


• 


+4, +6, +8, -HO 






b) 


+3, +2, 


0, -3, 


_ » t 


• 


-7, -12, -18, -25 






c) 


+5, -1, 


-7, -13, 


• • 


• 


-19,-25,-31,-37 










UNFOLD & CHECK 


o 

ERIC 










73 







CONCLUSION 



The need for teacher-developed curriculum innovations is 
highly recognizable in the reconstruction of educational prac- 
tices. Many new proposals conceived and developed by project 
staffs appear to lose much of their innovative character when 
an attempt is made to implement them. The teacher is almost al- 
ways the key to the success or failure of an innovative program. 
This fact suggests that teachers are in a predominate position 
to bring about necessary changes. Little is done, however, in 
educating teachers to this responsibility, and it is no wonder 
that improvements in the educational scene are slow or unpro- 
ductive. 

It has long been the existing practice of education nl re- 
form to place the role of reconstructing educational practices 
in the hands of "specialists" who will in turn lead teachers 
to improving learning situations. It is the purpose of this 
paper, to suggest an alternate approach to meeting the need 
for new patterns in educational practice. A teacher with the 
proper training should be given the opportunity to develop and 
implement a curriculum of her own design. This endeavor places 
the teacher in greater active involvement in effecting change 
by shifting her role from follower to leader. In accepting a 
role of innovator, a teacher is no longer simply exposed to new 
ideas; she is engaged in internalizing them in a fuller meaning 
since she is involved in implementing her own ideas. 

This paper presents a case in point. The teacher's ap- 
proach to constructing a mathematics curriculum presented here, 
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Is a subjective one, and is not intended to be considered as 
the only approach. It is hoped that the method of approach- 
ing the task of developing and implementing a curriculum as 
outlined in this paper will serve as a guide or encouragement 
to other teachers to undertake a similar endeavor. Since the 
development and implementation of this fifth grade program is 
still in progress, to be completed in the course of the school 
year, no significant evaluation can be made at this time. How- 
ever, certain worth-while assurances can already be recognised 
through this undertaking. 

Operationally schematising mathematics into fun- 
damental components lends multiple assurances. 

1) The teacher must have depth of understanding 
of mathematics to schematise its structure in 
the first place. 

2) She must make some assumptions about degrees of 
importance to be assigned mathematical compo- 
nents for purposes of teaching. 

3) If the teacher attaches any importance to her 
own assumptions (arrived at in a classroom 
context) she will be less bound to the text- 
book and will be better equipped to meet indi- 
vidual differences. 

4) Operating deductively and/or inductively, de- 
pending on the point of departure, helps to 
assure that the participant - child or teacher - 
grasps the significance of intertwining concep- 
tual structures. 

5) The participant should gain greater understand- 
ing of ways in which mathematics is learned. 

6) The organizing structure of mathematics itself 
is learned, (Frost & Rowland, pp.3^2-3^3) • 

When the teacher constructs and implements her own cur- 
riculum she hopes to provide a better learning situation for 
her students. If, however, after careful evaluation, no sig- 
nificant difference is noted between instruction in the tra- 
ditional program and that in the innovative program, some 



O 
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benefit will still be assured. For in undertaking the task 
of adjusting instruction to meet the needs of different 
ability groups, the teacher will have increased her knowledge 
and understanding of the subject, thereby improving her 
abilities as a teacher. 
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